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@ A process for making plezo-eiectric polyvlnylldene 
fluoride (PVDF) film for use, for example, as diaphragms 
for telephone transmitters, includes the steps of 

(a) stretching the melt-extruded film (1) parallel to the 
extrusion direction with a stretch ratk> of about 4 to 1 at 
about 120*0 to convert it to a ^ crystalline form, 

(b) clamping the film between conductive rubber pads 
(5. Q to which the polarizing voltage, ag. 1.3 kv for 12|tm 
film is applied. While the voltage is thus applied the film is 
heated to about 110**C for 130 mlns. and cooled to am- 
bient with the polarizing field preset. 

(c) conductive elastomer electrodes are applied to 
the film in the desired pattern, and 

(d) the piezo-electric properties are stabilized by heat- 
ing the foil to about 90*^0 for 2 hours. 

Such a film, or an electret film Is usable as the dia- 
phragm of an electro-acoustic or electro-mechanical trans- 
ducer In which case the conductive elastomer used for the 
electrodes is an Insulating material toaded with particles of 
an electrically conductive material such as carbon. This 
gives an electrode which is cheap, easy to apply, and 
provides a good contact 
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PIEZO-ELECTR-IC FILM MANUFACTURE 
MP TRANSDUCER 
This invention relates to the manufacture of 
piezo-electrically active plastics film, commencing 
with the film material in the "raw" state, and to 
electro-acoustic or electro-mechanical transducer 
5 using such diaphragms. 

One material which has been used as the active 
element of an acoustic-electric transducer is 
polyvinylidene fluoride (PVDP) , and the use of such 
active film materials in such a transducer will be 
10 described herein. 

In making the diaphragm for such applications 
it is necessary to apply electrodes to the two faces 
of the film material. This is usually performed by 
vacuum evaporation, which needs expensive equipment. 
15 Further, as the film has to be continuously polarized 
the film is usually electroded over a large proportion 
of its surface area. However, when the material is 
to be used, e.g. in a transducer, it is often required 
that only isolated regions have to be electroded. 
20 Hence the metallization has to be partly removed to 
give the required electrode shape, or the entire 
electrode must be removed anjf^ a new electrode of the 
required size applied. 

Conventional processes for making such films for 
25 use in such transducers are described in British Patent 
Nos. 1108234 and 1367738, and have difficulties when 
continuous production is called for. 
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This invention seeks to overcome the above*^ 
mentioned disadvantages. 

According to the present invention there is 
provided a process for the production of piezo~ 
5 electric film, in which melt-extruded film of the 
material to be rendered piezo-electric is stretched, 
which stretching is effected in a direction parallel 
to the extrusion direction with a stretch ratio and 
at a temperature such that the material of the film 

10 is converted into a form in which it can be rendered 
piezo-electric; characterized in this, that the film 
is clamped between layers of conductive rubber or 
rubber-like material to which is applied a polarizing 
voltage of a magnitude appropriate to the material 

15 to be rendered piezo-electric and to the thickness 
thereof, the film being held at that temperature for 
a time appropriate to the production of the desired 
piezo-electricity, whereafter the film is cooled to 
room temperature with the polarizing field still 

20 applied, that electrodes of an electrically-conductive 
elastomer are printed or otherwise formed onto the 
film in the required patterns, said electrodes being 
applied to one or both sides of the film, and that the 
piezo-electric properties of the film are stabilized 

25 by heating the film at a temperature intermediate the 

temperature used in step (b) and the highest temperature 
to which it is qixpected that the films will be subjected 
when in use, the order in which steps (c) and (d) are 
performed being reversed, 

30 A diaphragm of this type for use in a transducer 

requires for its operation that one or both of its 
surfaces carry electrodes to which electrical contact 
can be made. Conventionally such electrodes consist of 
a thin metal film applied by vacuum coating or electro-^ 

35 plating methods. The connections to the electrodes 
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are usually pressure contacts / since a soldering or 
welding operation would damage the plastics foil. 
In addition, most metals that would be otherwise suit- 
able for use as electrodes suffer from one or both of 
, 5 the following problems: 

(a) the thin film may be damaged by corrosive 
atmospheres containing, for example, sulphur dioxide 
or salt, 

(b) the metal surface may have an oxide layer 

10 which causes poor contact at the low current produced 
by the transducer with the light contact pressure which 
can be applied. 

A further object of the present invention is to 
provide an electro-^acoustic or electro-mechanical 

15 transducer in which the above problems are minimized 
or even overcome. 

According to the invention there is provided an 
electro-acoustic or electro-mechanical transducer 
which includes a diaphragm of an electrically active 

20 plastics material having electrically conductive 

electrodes on one or both of its two faces, wherein 
each said electrode is of an elastomer material having 
particles of an electrically conductive material 
dispersed in it. 

25 According to the invention there is also provided 

an electro-acoustic transducer, which includes a 
diaphragm of a plastics material which is an electret 
or is piezo-electric, said diaphragm having electrically 
conductive electrodes on one or both of its two faces, 

30 wherein each said electrode is of an elastomer material 

i 

having carbon particles dispersed in it. 

Such an arrangement provides an inexpensive 
" simply-applied electrode which is free of corrosion and 

to which a simple, reliable, pressure contact can be 
35 made. Such an electrode in a preferred arrangement 
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consists of a layer of an elastomer material containing 
carbon particles to make it conductive. These particles 
do not corrode, and the elastic matrix does not xinduly 
increase the stiffness of the transducer element, 
the layer is an elastomer, it will not crack during 
operation, nor when the diaphragm is made into a domed 
or cylindrical form, as required by some forms of piezo- 
electric transducer. This electrode can be applied 
as a step in the process mentioned above. 

For the elastomer it is preferred to use synthetic 
materials, as these do not deteriorate over a period 
of time, as happens with a natural latex. Fluorine- 
containing polymers are especially suitable for this 
purpose as they are highly stable and are not damaged 
by high temperature during use, or during the polariza- 
tion of the foil. 

A process embodying the invention, and transducer 
arrangements using the invention will now be described 
with reference to the drawings, in which: 

Fig. 1 is a schematic diagram explanatory of a 
process embodying the invention. 

Fig. 2 is a cross-section of a first embodiment 
of the invention. 

Fig. 3 is a second embodiment of the invention, 
also shown in cross-section. 

Fig. 4 is a third embodiment of the invention, 
also shown in cross-section. 

In the process to be described herein, the material 
used is polyvinylidene fluoride, known as PVDF. The 
PVDF film without metallization is clamped between 
two sheets of silicone rubber which have been made 
conductive by the addition of carbon particles, and 
the polarization voltage is applied between these sheets. 
After polarization, the permanent electrodes are applied 
over the required areas by screen printing, spraying or 
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brushing f the material thus applied being a thin layer 
of elastomer-^containing conductive particles. Silicone 
rubber containing metal particles may also be used for 
the electrodes, but with such material the maximum 
5 polarizing field which can be applied without breakdown 
of the PVDF film has been found to be lower than with 
a carbon-^containing rubber. 

After the stretching process (see below) the film 
shrinks when heated. To stabilize its dimensions the 

10 film is, in the prior art process, heat-treated at the 
polarizing temperature or higher while subjected to 
restraint to prevent any gross change in dimensions. 
Subsequent heating to a lower tenperature during use 
does not then produce large dimensional changes. We 

15 have found that by clamping the film between the 
conductive sheets during polarization the film is 
prevented from shr inking ^ and the separate heat treat- 
ment hitherto used may be dispersed with. 

In our process, melt-extruded PVDF sheet is 

20 stretched uni-axially along the extrusion direction by 
the natural stretch ratio while the temperature is 
maintained at less than 120^C. Under these conditions 
a large part of the mainly amorphous extruded sheet 
is converted to the p crystalline form, which is 

25 suitable to be rendered piezo-electric. At the same 
time the thickness of the material is reduced to a 
value suitable for use as transducer diaphragms, A 
suitable stretching temperature has been found to be 
lOO^C with a stretch ratio of 4 to 1. The stretching 

30 is preferably performed continuously by winding the 
film between two rollers driven at different speeds, 
the take-up roller being the faster rotating one. The 
speed at which the film leaves the supply roll and the 
speed at which it is wound onto the take-up roll are 

35 monitored, and a control system is used to maintain 
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the required stretch ratio by varying the speed of 
one of the two drive motors. The region over which 
the stretching takes place is heated to the required 
stretch temperature, 
5 We now describe the continuous polarizing process, 

with reference to the accompanying Fig, 1, 

The film 1 to be treated is passed from a supply 
reel 2 through a slot and into a chamber 3, which it 
leaves via another slot and is wound onto a take-up 

10 reel 4. The chamber 3 is heated to the polarization 
temperature, which is llO^C in the present example. 
During its passage through the chamber 3, as well as 
before entering and after leaving the chamber 3, the 
film is clamped between two endless belts 5 and 6, 

15 which run over a series of rollers, such as 7, 8. 

One of the belts 6 has on its surface a continuous 
layer of silicone rubber containing carbon particles 
to render it electrically conductive, and this layer is 
connected to one terminal of an EHT supply 9. The 

20 other belt 5 also has electrically conductive silicone 
rubber on its surface, but this is applied in electric- 
ally isolated regions with an insulative strip such as 
12 or a gap a few millimetres wide between each such 
region. Note here that a gap between the edges of two 

25 adjacent silicone rubber regions is in effect an 
electrically insulative gap. 

By a series of slidable contacts such as 13 on 
the edge, or on the inner siirface of the belt, each 
region of conductive riabber is connected via a resistor 

30 such as 14 to the EHT supply 9. This arrangement of 
separate regions of conductive* rubber effectively 
connected to the source 9 via resistors means that 
if a defect in the film beingr treated causes the belts 
to be short-circuited, only the region of the film 

35 covered by the section involved fails to be polarized. 
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Hence the whole length of film between the two belts 
is not wasted. By keeping the inter-region gaps as 
small as possible, only a little of the film is not 
completely polarized, and because of the fringing field 
5 at the edge of the sheet the loss of activity is small. 
The polarization voltage used should be as large 
as possible, to obtain the maximum piezo-electric 
effect. The electric field is, however, limited by the 

Q 

dielectric strength of the film to about 10 volts/ 

10 metre at a polarizing temperature of llO^C. For a 12 |jiin 
film this means a polarizing voltage of about 1300 volts. 
The piezo-electric constants increase with polarization 
time up to a limiting value: in the case of the temper- 
ature and field strengths used in the present example, 

15 very little improvement in piezo-electric properties 

is achievable after a polarization time of about 30 mins. 
Hence the length of the polarization chamber 3 and the 
speed of travel of the film are such that the film 
remains in the polarizing field for at least 30 mins, 

20 After it leaves the heated chamber 3 the film is 

cooled to 50°C or lower before the polarizing film is 
removed. This can be seen to be so in the drawing, 
because of the electrodes 13 which are shown to the 
right of the exit slot of the chamber 3. The rate of 

25 cooling is not important, but to reduce the lengths of 
the continuous belts needed if natural cooling is used 
the final clamping rollers may be water cooled. The 
film may now be wo\md onto the take-up reel 4, or may 
pass directly to the stabilization heating stage. 

30 This next stage involves heating the film without 

constraints to stabilize its piezo'-electric and 
mechanical properties. This final heating must be 
effected at a temperature below the polarization 
temperature but above any temperature which the material 

35 is expected to experience during its subsequent use. 
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Thus if the jnaxiiuum temperature to which a transducer 
housing a diaphragm of this film is expected to be 
subjected is 70^C, it has been found that sxibsequent 
change of sensibility is negligible if the film is 
5 stabilized at a temperature of 90^C for 2 hours, after 
polarization at 110*^C. This is achieved by simply 
passing the film through a heated chamber while allow- 
ing some slack within the chamber, so that the material 
may relax. Thus the polarizing temperature of llO^C 

10 is so chosen to achieve a suitable margin above the 
operation and heat treatment temperatures. 

Electrodes of conductive elastomer can now be 
applied by, for example, screen printing to give the 
patterns required before or subsequent to punching or 

15 cutting the required areas from the films, see below. 

Certain variations to the process described above 
may be made. Thus two or more of the operation for 
stretching, polarizing, stabilization and electroding 
can be linked together without winding the films on 

20 to reels between stages. Further, the use of the 

polarization method wherein conductive elastomer sheets 
(the two belts in the drawing) are used as temporary 
electrodes is not limited to continuous polarization, 
but may also be applied as a batch process. Again, a 

25 sandwich of alternate layers of PVDF and conductive 
rubber may be made in an oven, and polarization may be 
effected by connecting alternate ones of the rubber 
layers via resistors to the terminals of an EHT supply 
and heating for the required time. The material is 

30 then allowed to cool before removing the polarizing 
field. 

We now describe diaphragms using such foil and 
how they are used on electro-acoustic transducers. 
We refer first to Fig. 2. Here a transducer 
35 diaphragm 1 of plastics foil is shown, which is 
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coated on each face with electrodes 2 of a conductive 
carbon-loaded elastomer. The diaphragm is assumed to be 
circular, being gripped at the rim, and having electrode 
connections (not shown) made to the electrodes 2. These 
5 electrodes may be applied by brushing, spraying or 
printing on of the elastomer-carbon mixture which has 
been dissolved in a suitable solvent. When the solvent 
evaporates a thin layer of carbon-loaded elastomer is 
left on the surface of the foil 1. 

10 Note that the foil 1 may be piezoelectrically 

active material or an electret material. 

It is sometimes convenient, e.g. when the 
diaphragm material has to be piezoelectrically active, 
to polarize the diaphragm using metal electrodes. In 

15 this case the elastomer may be applied over the metal 
electrodes to protect them and also to provide a 
reliable means of connection. An example of this is 
shown in Pig. 3 where metal electrodes 3 on the 
plastics foil 1 are coated with a carbon-loaded 

20 elastomer 2. 

Fig, 4 shows how electrical contact may be made 
to an electrode 2 on a foil 1 by clamping it to a 
metal ring 4 by a frame S. The ring 4 connected to 
one transducer terminal may be coated with precious 
25 metal or may itself have a coating of carbon-loaded 
polymer 3 on its contacting surface. Another possi- 
bility is to make the clamping material itself out of 
a conductive plastics material. 
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CLAIMS ; 

1. A process for the production of piezo- 
electric film, in which melt-extruded film of the 
material to be rendered piezoelectric is stretched, 

in a direction parallel to the extrusion direction with 
5 a stretch ratio and at a temperature such that the 
material of the film is converted into a form in which 
it can be rendered piezo-^electric ; characterized in 
this, that the stretched film is clamped between 
layers of conductive rubber or rubbers-like material 

10 (5,6, Fig.l) to which is applied a polarizing voltage 
of a magnitude appropriate to the material to be 
rendered piezo-electric and to the thickness thereof, 
the film being held at that temperature for a time 
appropriate to the production of the desired piezo- 

15 electricity, whereafter the film is cooled to room 
temperature with the polarizing field still applied, 
that electrodes of an electrically-conductive elastomer 
are printed or otherwise formed onto the film in the 
required patterns, and electrodes being applied to one 

20 or both sides of the film and that the piezo-electric 
properties of the film are stabilized by -heating the 
film at a temperature intermediate the temperature used 
in step (b) and the highest temperature to which it is 
expected that the film will be subjected when in use, 

25 the order in which steps (c) and (d) are performed 
being reversible. 

2. A process as claimed in claim 1, characterized 
in this , that the film is PVDF the stretching being 
effected with a stretch ratio of the order of 4 to 1 

30 and at a temperature of 100 to 140^C to convert the 
sheet into the p crystalline form? that the polarizing 

Q 

voltage is about 10 volts per metre in the case of 
a 12pjn thick material, the film being held at a temp- 
erature of about llO^C for 30 mins, whereafter the 
35 film is cooled to room temperature with the polarizing 
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field still applied, and that piezo-electric 
properties are stabilized by heating the film at 
about 90°C for two hours • 

3. A process as claimed in claim 1 or 2^ 

5 characterized in this/ that the polarization effected 
in step (b) is made continuous by passing the sheet 
material between two endless belts (5,6, Fig.l) having 
pads of electrically conductive material on their 
surfaces, which pads are separated by insulative 
10 regions. 

4. A process as claimed in claim 1 or 2, 
characterized in this, that the polarization effected 
in step (c) is effected by setting up a sandwich of 
layers of conductive rubber with one or more layers 

15 of the film to be rendered piezo-electric, and 

connecting alternate ones of the conductive rubber 
layers of the two terminals of a supply source. 

5. A process as claimed in claim 1, 2, 3 or 4, 
characterized in this, that said conductive rubber is 

20 a silicone rubber. 

6. An electro-acoustic or electro-mechanical 
transducer, which includes a diaphragm of a film 
made by the process of any one of claims 1 to 5, 
characterized in this , that said electrically conductive 

25 electrodes on said one or both faces of the film 

each consist of said elastomer material with particles 
of an electrically conductive material, such as carbon, 
dispersed in it. 

7. An electro-acoustic or electro-mechanical 

30 transducer which includes a diaphragm of an electrically 
active plastics material having electrically conductive 
electrodes on one or both of its two faces, characterized 
in this ^ that each said electrode is of an elastomer 
material having particles of an electrically conductive 

35 material, such as carbon, dispersed in it. 
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8, A transducer^ as claimed in claim 1, 
modified in that the diaphragm is an electret. 
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